







Forensic comparison of 
 
unevaporated and evaporated 
 
automotive gasoline samples from 
 














submitted for the Degree of 
 




















Certificate of authorship and originality 
 
 
I certify that the work in this thesis has not previously been submitted for a degree nor has it 
been submitted as part of requirements for a degree except as acknowledged within the text. 
 
I certify that the thesis has been written by me.  Any help that I have received in my 
research work and the preparation of the thesis itself has been acknowledged.  I certify that 












Before I could undertake a major project like this one I needed financial support and time 
away from my duties at the Royal Canadian Mounted Police (RCMP) Forensic Laboratory, 
Winnipeg.  Thanks are due my Master's supervisor, Professor Josef Takats, University of 
Alberta, Edmonton, who supported my bid for a scholarship from the Natural Sciences and 
Research Engineering Council (NSERC), Canada.  I am indebted to NSERC for granting me 
a two year post-graduate scholarship.  I wish to thank my supervisor at the RCMP Forensic 
Laboratory Services, Winnipeg, Mr. Ron Hrynchuk, who wholeheartedly supported my 
desire to take an unpaid leave from the RCMP and pursue research in this area. 
 
A big thank you is extended to Mr. Gary Bunio, Imperial Oil (ESSO) Canada, Calgary 
whose genuine desire to assist me led to my first research grant.  Mr. Bunio put me in 
contact with Dr. Roger W. Cohen at Exxon Research and Engineering Company, 
Annandale, New Jersey, USA.  Through Dr. Cohen, ExxonMobil generously gave me a 
research grant to support this project. 
 
Associate professor Claude Roux, University of Technology, Sydney, was instrumental in 
guiding my application for an International Postgraduate Research Scholarship (IPRS) 
through the university bureaucracy.  I was awarded this full fee paying scholarship so 
generously provided by the Department of Education, Training and Youth Affairs 
(DETYA), Commonwealth of Australia. 
 
Although money is important in seeing my project to completion, my acknowledgements 
are not limited to the amount of money awarded.  The people my family and I have had 
contact with have demonstrated that God can turn seemingly impossible situations into 
times of blessing.  The people who come to mind when we first arrived in Australia are Mal 
and Heather York, and Emma and Ric Van Wachem.  Then there is our family in Christ at 
St. Andrew's Abbottsford:  Nicola and Eric Lewis, Rev. Jacinth Myles, Rev. Jackie 
Stoneman, Barbara and Tony Robinson, Greg and Carmel Jarmain, Dr. Coral Chamberlain, 
and Bill (the dairy man) Steele, to name only a few, all of whom gave generously of 
 
 iv
themselves in time, possessions and often both.  I would like to thank the entire 
congregation for their prayers at specific times of need. 
 
Thanks are due to Mr. Kevan Walsh from the New Zealand forensic science service, ESR.  
Kevan kindly offered to drive around Auckland and collect gasoline samples for this 
project.  I would also like to thank Dr. Peter Petocz, Department of Mathematical Sciences, 
UTS for contributing to my understanding of PCA and the use of Minitab, and Dr. Philip 
Doble for his encouragement during this project. 
 
I would like to acknowledge the work of Dr. Eric Du Pasquier, colleague, friend and 
research supervisor.  Eric brought a calm, sober influence to this project.  I am indebted to 
the hard work he did supporting me with research grants, helping me keep the project 
focused and reviewing this thesis.  Thanks, Eric! 
 
I could never have even gotten up the courage to pursue my dream of doing full time 
research (and completing a PhD) without the encouragement of my best friend, my wife 
Sandi.  To say "thank you" does not capture my gratitude towards you, Sandi, for always 
supporting me, even in a move half-way around the world.  No acknowledgement would be 
complete without mentioning my children, Evan (7) and Claire (4).  No one else can lay the 
seriousness of life aside and remind an adult that there is more to life than work.  Yes, 
Claire, we are here to swing.  Thank you to you both. 
 
I dedicate this research to the One who is the Author of all inspiration.  To God be the glory. 
 
"In his heart a man plans his course, but the Lord determines his steps." 





July, 1994.  It was early afternoon on a fine summer day in a small city in Western Canada.  
The sidewalk cafes were doing a brisk business, and residents were coming and going from 
the neighbouring apartment buildings.  Within this bustling block was a laundromat and 
drycleaning shop, closed for a lunch break.  A natural gas leak was reported by passers-by 
and the gas company was called in.  The leak was traced to the back of the 
laundromat/drycleaner where it was discovered that the gas mains had been tampered with, 
filling the shop with natural gas.  The area was evacuated, the gas supply shut off and the 
gas allowed to dissipate.  Meanwhile, the Fire Commissioner and the Royal Canadian 
Mounted Police (RCMP) were called in to investigate the tampering.  The investigation led 
to the discovery of a failed arson attempt at the laundromat.  Thirty liquid filled bottles, 
some stoppered and others with cloth wicks, were found in the crawl space beneath the 
business.  The investigators believed that had the fire not gone out soon after it was lit, the 
entire city block would have been destroyed by the inevitable gas explosion.  The bottles 
were found to contain automotive gasoline, aviation gasoline, tetrachloroethylene, or 
combinations of these three liquids.  It was likely that the mixtures of tetrachloroethylene 
and gasoline had caused the fire to go out shortly after it was lit.  At the suspect's residence 
two jerry cans, one with automotive gasoline and one with aviation gasoline, were found.  
Clearly, it was important to make a comparison between the two types of gasoline found at 
the suspect's residence and the gasoline present in the bottles.  The lack of a scientific 
method (validated by the RCMP Forensic Laboratory Service) for the comparison of liquid 
gasoline samples prevented a meaningful comparison being made between the known 
liquids and those recovered from the scene.  Thus began my interest in comparing refined 
petroleum products, and in particular, comparing automotive gasoline. 
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The comparison of two or more samples of gasoline (petrol) to establish a common origin is 
a difficult problem in the forensic investigation of arsons and suspicious fires.  The high-
boiling fraction of the gasoline was targeted with a view to apply the techniques described 
herein to evaporated gasoline samples in the future.  A novel micro solid phase extraction 
technique using activated alumina was developed to isolate the polar compounds and the 
polycyclic aromatic hydrocarbons from a 200 µL sample of gasoline.  This technique was 
applied to 35 randomly collected samples of unevaporated gasoline, covering three different 
grades (regular unleaded, premium unleaded and lead replacement), collected in Sydney, 
Australia.  The samples were analysed using full-scan GC-MS; potential target compounds 
identified were the C0- to C2-naphthalenes.  The samples were then re-analysed directly, 
without prior treatment, using GC-MS in selected ion monitoring (SIM) mode for target 
compounds that exhibited variation between gasoline samples.  Multivariate statistical 
analysis (principal component and linear discriminant analysis) was applied to the 
chromatographic data.  The first two principal components described approximately 90% of 
the variation in the data and showed that the majority of the 35 samples could be 
differentiated using the method developed.  A comparison of unevaporated samples 
collected in Auckland, New Zealand to those collected in Sydney was also made.  Most of 
the samples could be differentiated based on their country of origin. 
 
The variation of unevaporated regular unleaded and premium unleaded gasoline over time at 
three different service stations was studied.  Ninety-six samples of gasoline were collected 
over a 16 week period and analysed for their C0- to C2-naphthalene content using the GC-
MS (SIM) method that was developed.  In most cases it was found that the C0- to C2-
naphthalene profile in gasoline changed from week to week, and from station to station. 
 
Samples of 25%, 50%, 75% and 90% evaporated gasoline (w/w) were generated from the 
35 randomly collected samples of unevaporated gasoline.  The C0- to C2-naphthalene 
content of all unevaporated and evaporated gasoline samples was determined using the GC-
MS (SIM) method.  Analysis of the data by principal components followed by linear 
Abstract 
 xxvi
discriminant analysis showed that the 35 samples formed 18 unique groups, irrespective of 
the level of evaporation.  The application of the method to forensic casework is discussed. 
 
